of researcher doing research on weed management in direct-seeded rice (Chauhan and Johnson 2011, Anwar et al. 2012 ). However, due to the probable influence of these compounds on the environment, the amounts that do not achieve the target organisms have become an issue (Kucharski et al. 2009 ). Furthermore, herbicides applied to soil or plant might interfere with the microbial bio-fertiliser inoculated to crop plants, in case they come in contact. Paraquat (1,1'-dimethyl-4,4'-bipyridinium dichloride), a member of bipyridinium which is a non-selective cationic contact herbicide, is quickly adsorbed by soil particles and becomes inactive. Pretilachlor (2-chloro-2' ,6'-diethyl-N-(2-propoxyethyl) acetanilide), a member of the chloroacetamide chemical family, is a synthetic selective herbicide; however, 2,4-d (2,4-dichlorophenoxyacetic acid), a plant growth regulator is a selective phenoxyacetic acid herbicide.
The effects of inoculation with N 2 -fixing Bradyrhizobium sp. (vigna), along with herbicides on greengram [Vigna radiata (L.) Wilczek], have been studied (Zaidi et al. 2005, Ahemad and Khan 2011) . However, the effect of N 2 fixing endophytic bacteria on the growth of aerobic rice in soil applied with herbicides has not been studied to date. Therefore, this study was carried out to determine the effects of selected herbicides commonly used for rice production (paraquat, pretilachlor and 2,4-D) on the endophytic bacterial populations and growth of aerobic rice inoculated with S. maltophilia (Sb16) under glasshouse condition.
MATERIAL AND METHODS
Aerobic rice line MR 219-9 mutant (M-9) was obtained from Malaysian Agricultural Research and Development Institute (MARDI). Seeds of aerobic rice were surface sterilised according to the method of Somasegaran and Hoben (1994) and allowed to germinate on Petri dishes.
A pot experiment was conducted under glasshouse conditions at 25 ± 2°C and 60% relative humidity (RH) at Ladang 2 of University Putra Malaysia in Serdang, Selangor, Malaysia. The study was laid out as factorial in a randomised complete block design (RCBD) with three replications.
Soil samples collected from Ladang 2 were alluvial sandy clay loam with pH 5.3, organic carbon 1.28%, cation exchange capacity (CEC) 12.1 cmol + /kg and total nitrogen (N) 0.29%. The soils were airdried in laboratory conditions (25°C; 50% RH) for 48 h, crushed and passed through a 2 mm sieve, and 2 kg of sieved soil was poured into plastic pots (17 cm diameter × 23 cm height).
The herbicides used in this study were formulations of paraquat dichloride (13% w/w) Syngenta Capayam, pretilachlor (28.7% w/w) Syngenta Sofit N300 EC and 2,4-D isopropylamine (35.5% w/w) (28% equivalent) Kompressor Ancom Cropcare. The concentrations (rates) of each herbicide treatment applied in this study are as follows: paraquat at 0.78, 1.56 and 3.12 mg a.i./g soil; pretilachlor at 0.72, 1.44 and 2.88 mg a.i./g soil); and 2,4-D at 1.42, 2.84 and 5.68 mg a.i./g soil). These treatment rates represented 1/2, 1, and 2 times the recommended field rate of the products (paraquat: 700 g a.i./ha; pretilachlor: 430 g a.i./ha; and 2,4-D: 710 g a.i./ha). The herbicides solutions were applied pre-plant to the pot and incorporated to the soil to disperse the herbicides uniformly. The untreated soil samples (control) received the same amount of distilled water. The soil moisture content was adjusted to 60% of water holding capacity and checked regularly.
Stenotrophomonas maltophilia (Sb16) was obtained from the Laboratory of Microbiology, Department of Land Management, Faculty of Agriculture, Universiti Putra Malaysia. The Sb16 strain was cultured in Erlenmeyer flasks containing 100 mL Jensen's N-free medium and shaken on an orbital shaker at 150 rpm at 37°C for 3-4 days. The drop plate method was employed to confirm the population of inoculum (10 7 colony forming unit (CFU)/mL). Seven day-old aerobic rice seedlings were soaked in cultured inoculum for 30 min and 5 seedlings were transplanted into each pot at a depth of 5 cm. After emergence, plants were thinned to 2 per pot. The pots were hand-weeded at regular intervals and watered on a daily basis using distilled water.
Data collection to determine the population size of endophytes was performed every 15 days starting from 15-60 days after the treatment (DAT). Fresh roots were surface sterilised by immersion in 70% ethanol for 5 min, followed by 2% sodium hypochlorite (NaOCl) solution for 2 min, and three sequential washing with sterilised distilled water. Root pieces were cut into smaller sections (5 cm) and surface sterilised by submersion into 95% ethanol. Surface-sterilised roots were then homogenized in sterile 0.85% phosphate buffer solution using sterilised mortar and pestle in order to release the endophytic bacterial cells. Ten-fold serial dilutions ranging from 10 -3 through 10 -8 were prepared and 100 μL of each dilution was spread plated on the nitrogen-free (Nfb) semi-solid malate medium (Prasad et al. 2001) per L consisting of 5 g malic acid, 0.5 g K 2 HPO 4 , 0.2 g MgSO 4 ·7 H 2 O, 0.1 g NaCl, 0.02 g CaCl 2 , 0.5% bromothymol blue in 0.2 mol/L KOH (2 mL), 1.64% Fe-EDTA solution (4 mL) and 2 g agar, after which plates were incubated for one week at 28°C.
The data on physio-morphological attributes such as plant height (cm), leaf area per plant (cm 2 ), leaf chlorophyll content (SPAD value), plant N content (%), root dry mass, length, volume and average diameter were collected at 60 th DAT. Plant height was measured from the base of plant to the tip of the uppermost part of the plant. A portable chlorophyll meter (Minolta TM SPAD-502, Tokyo, Japan) was used to determine the leaf chlorophyll content. The plant samples were transferred directly to the laboratory after collection, washed with distilled water and leaf, root and shoot portions were separated. The leaves from each plant were randomly taken and total surface area of each leaf was measured using a leaf area meter (Licor, Model LI-3100 Area Meter, LI-COR Inc. Lincoln, USA). The Kjeldahl method (Bremner 1996) was employed to determine the nitrogen concentration (%) in the plant tissue. The root dry mass was estimated by forced air oven drying at 65°C until a constant weight was obtained. Fresh roots were washed thoroughly with distilled water and placed on the Root Scanner Image Analyser Win Rhizo STD1600 WIA-Epson Expression 1680 (Nagano, Japan) to determine the length, volume and surface area of the root.
Data were analysed using the Statistical analysis system (SAS) version 9.3 (Cary, USA), and treatment means were compared using the Tukey's test (P < 0.05). Analysis of variance (ANOVA) was conducted for each herbicide to test the effects of inoculation and concentrations on physio-morphological parameters of aerobic rice and inoculation (-Sb16, +Sb16), concentrations (0 -control; 1/2, 1, 2 times their recommended field application rates (X) and sampling dates (15, 30, 45 , 60 days after the treatment) on endophytic bacterial populations. Data on endophytic population were log-transformed and expressed as log 10 CFU/g root fresh weight.
RESULTS AND DISCUSSION
The results of the three-way ANOVA demonstrated that inoculation and inoculation × sampling time interaction had significant effects on populations of endophytic bacteria in all samples. There were no significant differences in endophytic bacterial communities between the 15 th and 30 th day of sampling of non-inoculated samples treated with herbicides and between the 30 th and 45 th day in inoculated samples, except the control (Figure 1) . The populations of endophytic bacteria in the inoculated samples treated with herbicides were not significantly different between the 45 th and 60 th sampling days, with the exception of the sample treated with double dose of paraquat (P = 0.0035). An enhancement in the bacterial endophytes of aerobic rice, following inoculation with Sb16, indicates the beneficial establishment of introduced bacterium on and within the root of aerobic rice and consequently increase in N uptake, leading to the overall improvement in plant growth.
The main effects (inoculation, concentrations (P < 0.0001)) and their interaction significantly influenced plant height. An increase in plant height following inoculation can be due to the atmospheric N fixation by Sb16 strain in plant roots, leading to overall plant growth. Previous studies exhibited the ability of free-living N 2 -fixing bacteria to improve rice plant heights (Islam et al. 2009 ). Inoculation showed a significant effect (P = 0.0004) on N content in sample treated with half dose of 2,4-D (Table 1) . In non-inoculated samples, half and double doses of paraquat significantly reduced N content compared to inoculated samples (P = 0.0006 and P = 0.0007), respectively. The better response of greengram plant in terms of its whole biomass and N in root and shoot after herbicides application and inoculation of Bradyrhizobium sp. (vigna) strain, compared to noninoculated soil treated with the same concentration of herbicides quizalafop-p-ethyl and clodinafop in the study by Ahemad and Khan (2011) , agrees with the findings of the present study.
In terms of leaf area, inoculated sample treated with pretilachlor at double dose was significantly different (P < 0.0001) from those with half and full doses (Table 1 ). There were significant main effect of inoculation (P < 0.0001) and interaction effects of inoculation and concentrations on leaf area. Inoculation and concentrations of herbicides did not show any significant effects on chlorophyll
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Plant Soil Environ. Vol. 62, 2016, No. 10: 453-459 doi: 10.17221/289/2016-PSE content of aerobic rice (Table 1) . Increases in leaf area, chlorophyll content and N content of aerobic rice after Sb16 inoculation in the present study are similar to those in a previous study by Sheng (2005) , who observed higher N content of the above ground components in cotton and ripe plants following inoculation of bacterial strain B. edaphicus NBT. Leaf area and photosynthesis metabolism of green plants are considerably influenced by N supply (Lloyd and Farquhar 1996) . Application of different concentrations of herbicides and inoculation with Sb16 had no effect on 
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doi: 10.17221/289/2016-PSE root dry mass of aerobic rice (Table 2) . Inoculation resulted in a significant increase (P = 0.0083) in root length of aerobic rice in sample treated with double dose of 2,4-D (Table 2 ). There was a significant Vol. 62, 2016, No. 10: 453-459 doi: 10.17221/289/2016-PSE inoculation × concentrations interaction on root length in 2,4-D-treated samples. Inoculation had a significantly positive effect on root volume of aerobic rice in samples treated with half dose of pretilachlor and 2,4-D (P = 0.001 and P = 0.0005, respectively) ( Table 2 ). The interaction of inoculation × concentrations had significant effects on root volume. The root average diameter of aerobic rice varied significantly (P < 0.0001) between the inoculated samples treated with double and half dose of pretilachlor (Table 2 ). Improvements in the N content, plant growth and root development assert the ability of Sb16 strain to fix N 2 and produce phytohormones such as indole-3-acetic acid (IAA), which is related to improve root proliferation (Spaepen et al. 2007) . Enhanced development of the root system leads to plant mineral uptake and indirectly stimulates plant growth (Lambrecht et al. 2000) . The influence of the herbicides on plant growth in the present study is possibly due to disruption of certain metabolic pathways such as photosynthesis (paraquat), cell division and growth (pretilachlor and 2,4-D). Mishra et al. (2008) suggested that low dose of insecticide probably resulted in an increased cell membrane permeability, nutrient influx to the root cells and their following transition to leaf and shoot. This finding can justify the improved growth performance of plant and endophytic bacterial counts as a consequence of the application of lower dose of herbicides in the present study. Although the application of higher dose of herbicides resulted in a significant reduction in endophytic bacterial populations and growth of aerobic rice, the reductions were minimized in inoculated compared to non-inoculated samples. The detrimental effect caused by the pesticides might be neutralised by rhizobacteria via biodegradation (Yang and Lee 2008) or enzymatic hydrolysis (Herman et al. 2005 ). The present study demonstrates the inhibitory effects of herbicides on the growth and endophytic bacterial populations of aerobic rice at the higher dose, but resulted in a stimulatory effect on aerobic rice at the lower dose. Meanwhile, inoculation with Sb16 strain protected the plant against detrimental effects of herbicides. Nonetheless, the study calls for finding more beneficial endophytic strains that are promising in minimising deleterious effects, as well as the costs of chemical inputs and pollutants, and providing high quality and productivity of crops.
